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THERMAL CONDIECTIVI‘IE%*'UF' J4 METATS AND ALLOYS UP TO. 1100° F

By Jerry E. Evans, Jr.

SUMMARY

The thermal conductivity of 14 metals and alloys was determined in
temperature ranges having s maximm of 1100° F. The metals included
steels, high-tempersture alloys, molybdenum disilicide, aluminum alloys,
brass, and silver. The steels, high-temperature alloys, and brass, with
one exception, have conductivities that increase with increasing tem~
perature. AIST 403 steel, silver, molybdenum disilicide, and also
14S aluminum elloy after heat treatment, have conductivities that
decrease as the temperature is increased. No definite trend was estab-~
lished for 14S and 248 aluminum slloys unless heat-treated before test-~
ing. The conductivity of the 355 seluminum alloy wes fairly constant
after the first run although 1t received no heat treatment other than
that which it might have cbtained during the test.

A comperison method was used to obtain the results in which the
thermal conductivity of the test sample was compared with the conduc-
tivity of high-purity lead.

~ INTRODUCTION

An accurate knowledge .of the thermsl conductivity of meterials at
high temperatures is essential for the proper design of the cooling
systems of turbine blades and rockets. The thermal conductivity of
several steels, high-temperature alloys, molybdenum disilicide, and
silver was measured at the NACA Lewls laboratory from 200° to 1100° F;
aluminum alloys and brass from 200° to 700° F. These measurements were
made as the needs arose in connectlon with turbine-cooling research.

APPARATUS

The method used to measure the thermal conductivity of the mate-
risls reported herein i1s described in detail in reference 1. It con-
siste essentially 1n comparing the thermal conductlvity of the test
specimen with that of a standard sample whose conductivity is known,
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using the spparatus shown in figure 1. The test sample 1s soldered to
the standsrd sample; the combined specimen is placed in an apparatus
that applies heat at one end and cools the opposite end. Radiel heat
loss from the specimen is prevented by a cylindrical guard tube heated
and cooled so that & given point on the guard tube is at the seme tem-
perature as the adjacent point on the specimen. The space between
specimen and guerd tube 1s filled with powdered insulation. Then the
heat flux is the same in both the test and standard sample when a steady
state 1s reached, By measuring the thermal gradients along the speci-
men, the thermal conductivity of the test sample can be cbtained. The
results reported herein were obtained either by directly comparing the
specimen with Nationel Bureau of Standards melting-point standard lead,
or by comparing the specimen with ancther metal that had been carefully
mes.sured by comparison with lead, The nomingl manufacturer's analyses .
of the materisls are presented 1n table I. The results are believed to
be accurate within 4 percent.

DISCUSSION OF RESULTS

The experimental results are shown In figures 2 to 12 in
Btu/(hr) (£t)(°F). Steels and high-temperature alloys are shown in
figures 2 to 5. o o B

The conductivity of porous 301 stainlese steel (fig. 3) can be cam-
pared with the conductivity of 5816 (fig. 2), which is similar to rolled
30).. The 25-percent porosity decreased the thermal conductivity epproxi-
mately 60 percent. All the conductivities shown in figures 2 to 5
increase with increasling temperatures with the exception  of the steel
AISI 403. The conductivity of this steel decreases slightly with

increasing temperature. . . R

Figures 6 to 9 are the results of measurements on the aluminum
alloys 248, 148, and 355. In figure 6, run 1 is the result of making
measurements at low temperstures and increasing the temperature step by
step to cbtaln the results at higher temperatures. The temperature was
then lowered and this procedure repeated to cbtaln the results of run 2.
It is seen that some change in the conductivity was ceused by heating
the specimen. Figure 7 is the result of making similsr messurements on
148 aluminum slloy, which was in heat-treat condition T (reference 2)
gt the beginning of the test. The same erratic changes were ocbserved
with the 148 alloy as were observed with the 245 alloy. The fact that
these alloys have copper in solid solution, which undergoes changes
during the age-hardening process at low temperatures, prcobebly asccounts
for the uncertaeinty of thelr conductivity. In an attempt to stabilize
the conductivity of the 148 alloy, it was heated to 775° F, held there
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for 50 hours, and cooled slowly. The material was then tested again and
is shown to be stabilized in figure 8, although the scatter of the
experimental points is rather large,

Figure 9 is the thermal conductivity of 355 aluminum alloy.
Although heating the specimen had some effect on its conductivity, the
change was not as much as that for the 248 and 148 aluminum alloys,
probably because the 355 alloy contains less copper than the other two
alloys. Figure 10 gives the conductivity of the intermetallic compound,
molybdenum disilicide. It has an extremely high pouring temperature
(above 3000° F) and its conductivity-temperature curve is much like
that of a pure metal or low-alloy steel. Some additional properties
of molybdenum disiliclde are given ln reference 3.

The thermal conductivity of brass is shown in figure 11. The con-
ductivity also incresses with increasing tempersture. The results of
the measurements on pure silver (fig. 12) are somewhat higher at the
low temperatures and samewhat lower &t the high temperatures than
results cobtalned by Balley (reference 4). The curve cbtained by Bailey
is shown in figure 12 for comperison.

SUMMARY OF RESULTS

The high-temperature alloys 8816, refractaloy 26, Inconel X, X-40,
N-155(low C) and nimonic 80; the porous 301 stainless steel, and brass
a1l have conductivities that increase with Increasing temperature.
AIST 403 steel, silver, molybdenum disilicide, and slso 145 sluminum .
alloy after heat treatment, have conductivities that decrease as the
temperature 1s increased. The results for the aluminum alloys 148 and
24S in the untreated condition are too erratic to show definite trends.
The 355 aluminum alloy is fairly constant after the first run although
it was given no heat treatment other than thet which it might have
obteined during the course of the test.

Lewis Flight Propulsion Iaboratory,
National Advisory Commlttee for Aeronautices,
Cleveland, Ohio.
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TABLE I - NOMINAL MARUFACTURER'S COMPOSTTION OF MATERTALS TESTED
Material AL| NL | Pe| cxr | Co | W [ Mo | ™| | cf| cu| 81| M. { Mg | Zn | Po |2
Tnconel X 0.7 | 73.4] 6.9 | 14.6 2.3 [1.0] 0.05
N-155 (low C) 20.0 | bal.| 20.0|20.0| 2.5.| 3.25 1.1 0.2
Nimonic 80 0.63| 74.2 21.2 2.4 0.04
ATST 403 bal.| 12.0 . 0.15
Refractaloy 26 [ 0.3 | 37.0| bal.| 18.0 | 20.0 3.0 | 3.0 0.03
8816 20.0{ bal.| 20.0 | 45.0
X~40 10.5{ 2.0 | 25.5 | bal. | 7.5 0.53
Porous 301 7.01 bal.| 17.0 0.11
stainless® -
Aluninum slloy | bal. 4.5 0.6 [1.5
‘248
Aluminum glloy | bal. 4.4 10.8] 0.8 |0.4
148 :
Aluminum elloy |bal. 1.3 | 5.0 0.5
355
Molybdenum Intermetallic compound, MoSi,
disilicide
Brass 8l.5 35.5] 3.0
Silver : 99.4

@Porosity of 301 steinless-steel gpecimen is 25 percent.
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Figure 1. - Schematic sketch of thermal-conductivity apparatus.
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Thermal conductivity, Btu/(hr)(ft)(°F)
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Figure 2. - Thexmel conduetivity of AISI 403 steel, refractaloy 26, and 8816 alloy.
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Thermal conductivity, BTU/(hr)(Lt){°F)
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Mgure 4. ~ Thermel conductivity of N~155 (low C) alloy.



Thermal conductivity, Btu/(hr X £t )} °F)
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Figure 5. - Thermal conduwctivity of niwmonic 80 alloy.

1902

1100

-

01

LOTOST W VOVN

& .




2067

NACA RM E50LO7 : 11

Thermal conductivity, Btu/(hr)(ft)(°F)

Thermal conductivity, Btu/(hr)(£t)(CF)
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Thermael conductivity, stu/(hr)(£t)(°F)

Thermal conductivity, Btu/(hr)(ft)(°F)
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